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Motivation

There is a successful effective theory of fermionic many body systems
Landau Fermi-Liquid Theory

FLT theory: Quasi-particles near the Fermi surface. Interactions
characterized by FL parameters. Does not rely on weak coupling.

Predicts collective modes, thermodynamics, transport, ...
Gauge Theories: Unscreened long range forces

Does a quasi-particle EFT exist?



Effective Field Theories
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High Density Effective Theory

QCD lagrangian

L= P+ py —m)y — ZGZVGG

Quasi-particles (holes) :

Bi=—pEtViR+m2e —p+|p \\/
holes particles

Effective field theory on v-patches
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High Density Effective Theory, cont

Insert ¢, in QCD lagrangian

L= Z{w " - D¢U++¢T (21 + 10 - D)),

F 0l (P Yo+ 0] (P 1) s )

Integrate out 9, at tree level
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Yy = WS D(ZJDL)%Jr

Effective lagrangian for v, 1

D2
L=) V] <w D — ﬂ) Yy — —GZ,,GZV



Power Counting

Naive power counting
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Problem: hard loops (large Nz graphs)

! Z/ L p° [ d0
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Have to sum large Nz graphs
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Effective Theory for [ < m

. D2 1 a a
L= 770;5 (ZU - D — 2_:) wv + £4f — ZGILLVGIU,V + EHDL
m? v *P
Lrapr = Ty ZU: G lia (v- D)2Guﬁ
Transverse gauge boson propagator
8ij — kik
Di;(k) = = —
ki — k2 + ng2ﬁ

Scaling of gluon momenta

| ~ ké/ *m2/3 > ko gluons are very spacelike



Non-Fermi Liquid Effective Theory

Gluons very spacelike |k| > |ko|. Quark kinematics?

k‘i k| >>k?|| > ]COE
ko ~ k =
0= R+ 5 . . e
ki~ o
2p
Scaling relations
k|~ m2/3ké/3, y ~ m4/3k§/3/,u
Propagators
100 1044
Sap = pza . Dij = L2 -WZ] 2 ko ’
Po — p|| — 55 T tesgn(po) LT temt



Non-Fermi Liquid Expansion

Scale momenta (ko, k|, k1) — (sko, s*/3k)|, s'/3k )
] =5/6 [Ai] =5/6 S]=[D] =

Scaling behavior of vertices

| P NP N 4

S S S S

Systematic expansion in €'/3 = (w/m)!/?



Loop Corrections: Quark Self Energy

dk de

2 0

99 QQ = g°C

> > > —9 F/ / )2 k’i‘l—’&ﬁk@

X/d’ﬂ O(po + ko)
2T Ry oy — g e

Transverse momentum integral logarithmic

/ dki ( . )
3 , ~ log

2 A
g
(p) 97_‘_2p0 0g <|p0|>

Quark self energy
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Quark Self Energy, cont

Higher order corrections?

2 5/2
) 2°/"m T 5/3
2(p) = 2 (pol z 0 (%)

0= 3 (s (S5 )+ 15m) 0

Scale determined by electric gluon exchange
No pglas log(pg)]™ terms

quasi-particle velocity vanishes as £

v ~ log(A/w)™*

anomalous term in the specific heat

Cy ~ YL log(T) ool

11



Vertex Corrections, Migdal’'s Theorem

L + —%f';g + ,.&» ~ gu(1+ O(Y/?))

Can this fail? Yes, if external momenta fail to satisfy p| >> pg

C /dko/dkL
= e (y
g Ftu k‘i—|— mzlljo

Po > P|,PL

/dk| 1
8 27 kg
[pl,o—ku — Hp20—k||

Dominant terms in quark propagator cancel. Find

2
eqg A
Lp(p1,p2) = Q?Uu log <p0> -
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Superconductivity

Same phenomenon occurs in anomalous self energy

2

_ 9 /qu log ( ABcs ) A(qo)
. éa f f%ﬁ < 1872 po— ol /) /g% + Alqp)?

Apcs = 25674 g2 determined by electric exchanges

Have to sum all planar diagrams, non-planar suppressed by €!/3

Solution at next-to-leading order (includes normal self energy)

w44 372
AQ = 2ABCS exXp (— ) exXp (——) AO ~ 50 MeV
8 V2g
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Summary

Systematic low energy expansion in (w/m)'/3 and log(w/m)

Standard FL channels (BCS, ZS, ZS'): Ladder diagrams have to be
summed, kernel has perturbative expansion

>.< :

& -

Coupling not weak at matching scale: Treat low energy constants v,
Z||, Z,...as low energy parameters, to be determined by lattice, RG
methods, etc. (see Kai's poster)
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Luttinger Theorem

Luttinger: Relationship between N 13

_ PR
density and Fermi momentum un- V 312
changed in interacting system.

Main assumption:

() ot

Gauge theory: Y(w) = ciwlog(w) + cow®/? + ...

Kohn-Luttinger satisfied
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Kohn-Luttinger Effect

Short range forces: Induced interaction gives attraction

2
P i

Superfluidity (in large 1) even if all V; repulsive

Gauge theory: Attraction in large partial waves
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No superfluidity in repulsive channels
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